Introduction
The molecular structures of a vast number of dicyc1opentadienyititanium(lV) compounds studied to date have invariably revealed a tetracoordinate, pseudotetrahedral coordination geometry **. These species thus have a l6-valence electron configuration with an unoccupied coordination site available, e.g., for associative reaction steps. Stable pentacoordinate species similar to those well known for other Group IV to VI transition metals [6] [7] [8] [9] [10] [11] , however, have not previously been observed in any structurally characterized titanocene derivative * * *.
'" To whom correspondence should be addressed. ** Cf. ref. 1 and references therein. At the titanium-(II) and -(III) levels, titanocene derivatives with tricoordinate geometry have been reported in a few instances [2-51. *** Whether complexes with '12-coordinated ligands, such as (CsRshTi(CO)C2(C6Hsh [12] or (CsHshTi(CI)OCCH3 [13] should be considered as examples of pseudotetrahedral geometry or as exceptions to this rule is debatable. In a number of instances, pentacoordinate or hexacoordinate dicyc1opentadienyltitanium(lV) species have been proposed without support from crystal structure determinations [14-19}. In this communication, we report on the synthesis and structural characterization of pentacoordinate titanocene derivatives containing the dipicolinate (pyridine-2,6-dicarboxylate, denoted by dipic) ligand.
Results and discussion Reaction of dimethyltitanocene, (C, H,),Ti(CH ,h, with dipicolinic acid in tetrahydrofuran leads, after evaporation of solvent and subsequent recrystallization from toluene/ hexane, in about 60% theoretical yield, to a yellow, microcrystalline material with elemental composition and IH NMR spectrum (see Table 1 ) in accord with a complex of composition (C,H,J,Ti(dipic). The material is readily soluble in metbylene dichloride, dietbyl ether, or toluene' . Slow evaporation from chloroform solution gave crystals suitable for an X-ray crystal structure determination.
Analogous results were obtained when tbe tetramethylethylene-bridged dimethyltitanocene derivative, (CH,).C,(C,H.),Ti(CH,)" was treated with dipicolinic acid in tetrabydrofuran. Tbe 'H NMR spectrum of the product showed the signals from the cyclopentadienyl protons as two pseudotriplets, indicating a structure which is axially symmetric on tbe IH NMR time scale ( Table 1) .
For a structural characterization of (C,H,),Ti(dipic), space group, cell parameters and X-ray diffraction inlensities were determined on a Syntex-P3 four-circle diffractometer at 243 K, using Mo-K. radiation ( Table 3 '.
The molecular structure of (C,H,JzTi(dipic) (see Fig. 1 ) is that of an axially symmetric, pentacoordinate metallocene derivative; the Ti atom and the pyridine atoms N and C(8) are located on a crystallographic C 2 axis. The cyclopentadienyl centroids are at a distance of 205.2 pm from the Ti centre and span an angle of 133.0° at the Ti atom, the two cyclopentadienyl planes intersecting at an angle of 47.2°. This (C,H')2Ti geometry is almost indistinguishable from that of normal tetracoordinate derivatives, such as (C,H,),TiCI 2 [20] .
)==={ C7' i==={ C7 Fig. 1 . Molecular structure of (CjHshTi dipicolinate. Projection on to the plane cont ai ning the CsHrring centroids, the N atom and the Ti centre (leTt) and onto the TiO(l )NO(l ') ligand plane perpendicular to it (right).
As expected from structural studies on other transition metal dipicolinate complexes [21] [22] [23] [24] [25] , the dipicolinate ligand is bound to the Ti centre by its pyridine N atom and two of the carboxylate 0 atoms, which occupy the central and the two lateral coordination sites of the titanocene fragment. The Ti-N and Ti-O distances of 216 and 211 pm are significantly longer than Ti-N= bonds (196-202 pm) [2, 26, 27] and Ti-O bonds (186-190 pm) [28] [29] [30] in comparable, tetracoordinate titanocene complexes. The O-Ti-N angle of 71.1° is within the range of 65-73° found for other pentacoordinate, non-hydridic metallocene derivatives [10, 11] .
The Ti centre and its N and 0 ligand atoms are coplanar by crystal symmetry; the TiO(I)NO(I') plane is perpendicular to the ring centroid-Ti-centroid plane: the two planes intersect at an angle of 89.9°. Interestingly, the plane of the pyridine ring is not quite coplanar with the TiO(I)NO(l') plane: A slight rotational deviation of these two planes by 3.6° is connected with a rotation of both CO 2 groups by 4.8° out of plane of the pyridine ring, and by 7.4° out of the TiO(I)NO(I') plane. A similar deviation from coplanarity, which will lead to a slight shortening of the Ti-N relative to the two Ti-o distances, with respect to a fully coplanar geometry, has been reported for the Ti lV complex (H,o),(02)Ti(dipic) [21] . From Fig. 1 it is apparent that the dipicolinate ligand, with its rather small chelate bite angle of about 70°, is almost ideally suited to induce a pentacoordinate geometry even at a (C,H,J,Ti centre, which otherwise appears to avoid this increase in coordination number, probably for steric reasons.
In line with this view, we find that (C,H')2Ti(dipic) and (CH 3 ).C 2 (C,H.),Ti(dipic) are quite inert to ligand exchange reactions. While tetracoordinate titanocene bis-carboxylates (C,H,),Ti(OOCR)" are rapidly hydrolysed upon contact with water [31] , hydrolysis of (C,H,hTi(dipic) in mixed aqueous solvents, such as H 2 0jTHF or H 2 0-saturated CHCl, proceeds at a remarkably low rate, with half-lives of about 4-5 days at 20°C.
Even conversion into (C,H,),TiCl 2 by treatment witb gaseous HCl in CHCl" which is practically instantaneous for other titanocene bis-carboxylate derivatives, requires about 30 min to go to completion with (C,H,),Ti(dipic). This would indicate that neither associative nor dissociative ligand exchange reaction modes are easily accessible for a rather rigidly connected pentacoordinate species such as (C,H,),Ti(dipic).
Experimental
All operations were conducted under N2 in Schlenk-type equipment.
(C,H,),Ti(dipic).
A solution of dimethyltitanocene [32] , (C,H,hTi(CH')2 (416 mg, 2.0 mmol) in 5 m1 of dry toluene is slowly added, at room temperature, to a suspension of 334 mg (2.0 mmol) of dipicolinic acid in 50 m1 of dry tetrahydrofuran. The mixture is stirred for about 1 h, during which the dipicolinic acid dissolves with evolution of CH., to form a clear orange solution. The solution is evaporated to dryness and the residue taken up in ca. 15 ml of toluene. After addition of hexane to the point of precipitation, and cooling to -80°C, 423 mg (62% theoretical yield) of (C,H,J,Ti(dipic) are obtained as a yellow powder, which is quite soluble in CHCl" toluene or THF. The material is identified from its 1 H NMR spectrum (Table 1) , its mass spectrum (with molecular ion at mle 343 and appropriate isotope distribution), and by its crystal and molecular structure.
C,(CH j ).{C,H 4 ),Ti(dipic).
An analogous reaction starting from 290 mg (1 mmol) C,(CH3)4(C,H4)2Ti(CH3h' [33] and 167 mg (1 mmol) dipicolinic acid yields 493 mg (58% theoretical yield) of C,(CH3)4(C, H4hTi(dipic). Identification is from its 'H NMR (Table 1) , and mass spectra (molecular ion at m/e 425).
